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Fuzzy Logic Based Auto Navigation System Using Dual Rule Evaluation
Structure for Improving Driving Ability of a Mobile Robot

Kiwon Park*

ABSTRACT

A fuzzy logic based mobile robot navigation system was developed to improve the driving ability
without trapping inside obstacles in complex terrains, which is one of the most concerns in robot
navigation in unknown terrains. The navigation system utilizes the data from ultrasonic sensors to
recognize the distances from obstacles and the position information from a GPS sensor. The fuzzy
navigation system has two groups of behavior rules, and the robot chooses one of them based on the
information from sensors while navigating for the targets. In plain terrains the robot with the proposed
algorithm uses one rule group consisting of behavior rules for avoiding obstacle, target steering, and
following edge of obstacle. Once trap is detected the robot uses the other rule group consisting of behavior
rules strengthened for following edge of obstacle. The output signals from navigation system control
the speed of two wheels of the robot through the fuzzy logic data process. The test was conducted in
the Matlab based mobile robot simulator developed in this study, and the results show that escaping
ability from obstacle is improved.
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Fig. 2. Description of sensors mounted on the mobile robot: (a) Performance description of distance sensors, (b)

Performance description of GPS sensor,
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Table 1. Rules for target steering in robot navigation

Rule if 1.d and fd and r_d and O4a then | L_vel and | R_vel

1 Far Far Far S_pos Fast Fast

2 if Far and Far and Far and | L_pos | then Fast and Slow

3 Far Far Far R_pos Slow Fast
Table 2. Rules for following edge of obstacles in robot navigation

Rule if I.d and f d and r_d and (SH} then | L_vel and | R_vel

4 R Far Far Close L_pos Med Med

5 if Close and Far and Far and R_pos then Med and Med
Table 3. Rules for avoiding obstacles in robot navigation

Rule if 1_d and fd and r_d and Od then | L_vel and R_vel

6 Med Close Close any Slow Fast

7 if Close and | Close and Med and any then | Fast and Slow

8 Close Med Close any Med Med
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Table 4, Rules for strengthened following edge of obstacles in robot navigation
Rule if 1.d and fd and r_d and O4d then | L_vel and | R_vel
9 Far Far Med any Fast Slow
10 Far Far Close any Med Med
11 , Far Med Med any Fast Med
12 it Far and Med and Close and any then Med and Med
13 Med Med Close any Med Med
14 Med Far Close any Med Med
Table 5, Example of activated rules
Rule if 1.d and fd and r.d and G then | L_vel and | R_vel
15 Med Close Med S_pos Fast Slow
16 , Med Close Med R_pos Slow Fast
17 it Far and Close and Med and S_pos then Slow and Fast
18 Far Close Med R_pos Slow Fast
o] f d={Close(1)}, r_d={Med(1)}, 1_d={Med(0.5), Iy
Far(0.5)) 2813 64={S_pos(0.5), R_pos(0.5)}5Fo] 1|_Slow Med Fast
SEE = FHEoA 2 go] Brh meta o] A4S | | !
| 1 1
+ Rule group A«] 8171 P9 FAE 7FH A : i i
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Slow(0.5), Slow(0.5)}, R_vel={Slow(0.5), Fast(0.5),
Fast(0.5), Fast(0.5))°]t}. 6o B Ao A AL 28 WS oz
Abg-= H g2 49 Slow, Med, Faste] |2
2.5 H|HX|2HDefuzzification) ool 4 #e 242 05, 1, 201tk & WHFF)
FHR7L AN 228 A 29 WEs  WE 2R olF £Ee] T WA wEe
eHAS WAA 2R 58 AMeE HF 29 UNBS 4 o) FRoR 2R ofF
29 dse w90 o A AAL NNAY  HEE 24D F Aok
el oA o Rl AL, & ATONAE A (3) FAB7 @A ALLH ol HEY A5 A
2 AoHE 7159 F(Weighted Average) 7] o] AE A g Fe HE 292 s 2
)
A AT I ve= 25X05+05x0.5+0.5X05+05x2 _ o
. e 0.5+05+0.5+0.5 -
,; (m /) P ol < DEX05T05X2405x2405x2_
T = ——rgaAE 3) ver= 05+05+05+05 -
ml
Aol AglNE 2R AT $Z Fhrtolo
A7|A x & AR HF 29 AEolH, me e &o] A E = A 9-0]7] wzol 74]4 AR =5
FHB7 WA 22 2HUFY AENES B 2R %o YIS EF YRS 2% v
Y H, naz BlE X8t dA A EHASE 77 9] 3 &9o] % v R w2, oA HA
A= Slow, Med, Faste] 7FX €24 &8 AW T3 dagFol =S T3] s HAstA
Sl AFEE Geel 24 e U Fig. 45T A& ¢ 5 ok



394 HEIOICINEE =2X M18z& XN3=(2015. 3)
. X Fuzzy navigation
Calculation of Calculat f
robot’s new position rog(;ysa,:]%r\],iﬁg k| system
and sensor distance and turn Fia. 3 & Fig. 4
detection angle angle ig. 3 & Fig.
Define shape and 8 Display shape of f : ]
position of obstacles co%?cfjlir:'neatxe'syof Error between robot on simulator Cg;s}jgggn
- ) resent position —
Matlab function : starting point and p dt t < AE Matlab function : between sensors
‘world” & ‘image’ target and targe ‘patch’ and obstacles
End
Fig. 7. Flowchart of data process in robot simulator,
2.6 2HIY 2R AIS2|0[E 2] & A&ttt Fig. 72 AlE#H 0B 9 HlolE A7
£ Apol A mulg 2iel 3y dugze 4 ¢ EATH
%?é% z§%§g} ] 146“ EJH}o] iéﬁiVJ o X]OL%-ji %3 Pﬁg.Sé% Fﬁg.S(a)94 %}ai‘glﬂ ??423 }+%¥§} %
- 2 A ZF=o] HA3E 93 Hk Al E
= Matlab 715 A BEHOIEE Agste] Aok gz 2 AN WSS AXHE A Matlab 718 2] E7
gz A%e HZsted Agstd ole] AellA 48 AAM FES Aste AL B
2R A EHCIHAA 27 _erg 78 133} 0 Fig. 72 9% AlA o] A HolHE AEste
7 913l Matlabol WAS|OINE 85 world & g FEE HEU, AN 225 AR 5 Fig.

el Y Yoz 2y B 2718 elssin
174 WL U5l nxn 7o) S 2zte] e
JER)E ghSoln, 8 So] Matlabol AL 1&
NG 05 B¢ vehath P Fod 79 3
A AZH o= tehly] §iste] B8] ax BE
o] 7IA &= AAS - o7 HAFE g

e ok

Q1 ‘image

£ A&kt AlEdelAd B2 kM ART T
7HA 8] g AHgsle] dAlo s FRE dnk
A Mo r 2@ BNEES A= AF
< 1o UshiA Bk 259 F4e AlEdel
A BANA AdFor aHAH s F3 87
oM B = =S F3 e AAIZE Wl
oE 230 23 WsE Adtsta &< ‘patch’' &

Agatel Aol $oA el BT 23
o F9 Azt % wFle W SHouY A

| 239 o]F Aot I aFol osiA HAHA
A3 E7] doll ARe] Mol egs Bhol &£

7 L9 g ok 23] wAE Az 7]

& AlEdolAd SAANA TR Al =5 A
7k 2ol A Fig. 2(a)9k 2ol AA Zzte] =] 913
o A Z=E Al 2A B el FeEo] 3l
< BF AolEd 2R3 AdAE Ao s

Axkatel 21804 ABE 4 A EEA~d®)E

3=

5(b)8] W FE AFETE GPS AlA HolE 9] A E

HAAE o9} o WMo g o|Fo] Hrt HA 3 7

Ao A FA 12719] &9 HTE(L, F, R_Close,

L, F, R_.Med, L, F, R_Far, L, S, R_pos)> ¥ A 3}%
< 7HAA "

Fig. 9& HXA g% AlA doleE AL&3 723
7} & vl 23 FA-& BAFET v 23] AL
F Ak < Aolste AEE A7 S8l
zbzy F RECE Urold o, Fig. 994 &
Rule Group A2l 9% n}g A& 9)a F2Hr}
9 A3} A S BAFET JFH R v A A3

AT E
==

if (L_distance < 10)
L Close = 1;
elseif (L distance >= 10 & L_distance < 20)
L Close = (-1/10)*L distance + 2;
L Med = (1/10)*L distance - 1;
elseif (L _distance >=20 & L_distance < 40)
L Med = (-1/20)*L _distance + 2;
L Far = (1/20)*L distance - 1;
elseif (L _distance >=40)
L Far = 1;
end

Fig. 8 Fuzzification procedure of sensor data,
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function[LVel] = Rule Eval Defuzz (L Close,L Med,L Far,F Close,F Med,
F_Far, ..., R pos, Center Slow, Center Med, Center Fast)

81 Rules Center values in Fig.6
num L =|small(L far,F far,R far,S pos) * | Center Fast +

+ small (L far,F far,R far,R pos) * |Center Slow +
+ small(L far,F far,R far,L pos) * |Center Fast +|...
+ small(L clo,F clo,R med,L pos) * |Center Fast;

den_L

small (L far,F far,R far,S pos) +
+ small(L_far,F far,R far,R pos) +

+ small(L_far,F far,R far,L pos) + ...
+ small(L clo,F clo,R med,L pos);

’

LVel = num L/den L;

Fig. 9. Rule Evaluation and Defuzzification procedure,
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